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Abstract
Background: Multi-slice computed tomography (MSCT) can be used to visualize the anatomy
of the coronary venous system (CVS). A pre-procedural evaluation of target veins is a very impor-
tant element of cardiac resynchronization. Thus, the quality of visualization of the CVS is of great
importance. The aim of this study was to analyze the quality of visualization of CVS in MSCT.
Methods: In 220 subjects (129 male, average age 57.2 ± 11.8 years), a 64-slice CT (Aquilion 64,
Toshiba, Japan) was performed. A scan with ECG-gating was performed using a slice thickness of
0.5 mm during a breath-hold. In each case, 3D volume rendering and 2D MPR reconstructions
were created (Vitrea 2). The quality of visualization was graded independently by two cardiologists
and a radiologist trained in MSCT on a 0–5 points scale for the coronary sinus and main veins
[0 = not visible (lack of vein); 5 = visible as a smoothly bordered vascular structure].
Results: The best visualization of the CVS was obtained for coronary sinus (4.10 ± 1.08), the
worst for antero-lateral vein (2.11 ± 1.10). The average number of visible veins was 3.2 per
case. Statistically, more veins were visible in older subjects — in the group aged 60+ the
average number of visible veins was 3.6 ± 1.1 per case, whereas in those aged under 60 it was
2.9 ± 1.2 (p = 0.0001). There were no statistical gender differences in the quality of CVS
visualization.
Conclusions: The target veins for cardiac resynchronization therapy should be the lateral and
postero-lateral, which are usually well visible. Such a strategy could increase the usefulness of
MSCT. (Cardiol J 2011; 18, 2: 146–150)
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Introduction
Cardiac resynchronization therapy is a well
established treatment for patients with advanced
heart failure [1, 2]. The main aim of this method is
to restore proper synchrony between the right and
left ventricles of the heart. To reach this goal, left
ventricle lead implantation is necessary as an ad-
don for right ventricle lead implantation [3, 4].
Knowledge of the anatomy of the coronary venous
system (CVS) is an important part of successful left
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ventricular lead implantation, because in a small
proportion of cases there are significant difficulties
during the procedure [5, 6]. Various studies have
shown the usefulness of both non-invasive and in-
vasive visualization methods. The role of echocar-
diography is mainly to evaluate asynchrony and to
find potential non-responders for cardiac resynchro-
nization [7]. Nowadays, multi-slice computed to-
mography (MSCT) is also considered as a method
of visualization of the anatomy of the CVS [8–11].
The aim of our study was to analyze the quali-
ty of visualization of the CVS, including the coro-
nary sinus and all coronary veins, in 64-slice com-
puted tomography.
Methods
A total of 220 subjects (129 male; average age
57.2 ± 11.8 years) were included in the study. In
each case, a 64-slice computed tomography was
performed because of a suspicion of coronary artery
disease.
Subjects were excluded if they presented any
of the following: atrial fibrillation (permanent or
persistent); frequent cardiac extrasystoles; renal
insufficiency (serum creatinine ≥ 1.3 mg/dL); hy-
perthyreosis; a known allergy to non-ionic contrast
agents; or a previously implanted pacemaker with
unipolar leads. The characteristics of the included
patients are set out in Table 1.
The study protocol was approved by the local
Ethics Committee. Informed consent was obtained
from each patient.
MSCT protocol
A 64-slice computed tomography of the heart
was performed using an Aquilion 64 scanner (Toshi-
ba Medical Systems, Japan). Scanning with retrospec-
tive ECG-gating was performed using a 64-slice
with a collimated slice thickness of 0.5 mm during
a breath-hold. The helical pitch was 12.8 (best
mode) and rotation time was 0.4 s. The average tube
voltage was 135 kV at 380 mA, which was strictly de-
pendent on the patient’s body mass index (BMI).
A pre-selected region of interest was used in this
examination. In each case, the start of the scan was
exactly the same as that for a routine arterial imag-
ing. All reconstructions were created in the opti-
mal phase for coronary veins — three high quality
reconstructions were created [12]. Sixty five beats
per minute was used as the cut-off for heart rate.
If the heart rate was higher, metoprolol succinate
(Betaloc, Astra Zeneca, Sweden) at a dose of 5–
–10 mg was administered intravenously (if not con-
traindicated). If the expected heart rate slowing
was not achieved, the patient was excluded from
the study. On average, 100 mL of non-ionic con-
trast agent (Ioperamid, Ultravist 370, Schering,
Germany or Iomeprolum, Iomeprol 400, Bracco
Int., Germany) was administered to each patient
during the examination at an average rate of
5.0 mL/s. Contrast was given in three phases:
90 mL of contrast agent (average), then 24 mL of
contrast agent and 16 mL of saline flush (60%/40%),
and finally 30 mL of saline.
Grading
All measurements including grading were per-
formed using Vitrea 2 workstation (Vital Images,
Minnetonka, MN, USA; software version 3.9.0.0).
The quality of visualization was graded indepen-
dently by two experienced MSCT investigators on
a 0–5 points scale for the coronary sinus and main
veins [0 = not visible (lack of vein); 5 = visible as
a smoothly bordered vascular structure]. Precise
scores are presented in Table 2 [12].
Table 1. Characteristics of the examined group — average values (min, max, SD) of the main cardiac
function parameters.
Average value Min. value Max. value SD
Ejection fraction (%) 62.2 8.0 86.0 10.0
End-diastolic volume [mL] 143.6 69.0 464.0 43.2
End-systolic volume [mL] 56.7 11.0 425.0 36.5
Stroke volume [mL] 87.7 47.0 151.0 19.4
Cardiac output [L/min] 5.4 1.8 13.9 1.6
Myocardial mass [g] 138.4 68.0 371.0 44.1
Myocardial volume [mL] 131.6 64.0 352.0 42.1
Heart rate [bpm] 62.0 45.0 157.0* 10.7
*In one patient, heart rate during scanning increased to 157 bpm
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In a subset of 15 patients, intra- and inter-
-observer agreement was evaluated. Reproducibility
of the phase determination was evaluated using the
Bland-Altman method and by calculation of the in-
ter-rater agreement coefficient kappa. Correla-
tions between data were calculated by means of
the Spearman rank coefficient (MedCalc Soft, Bel-
gium).
Results
In all cases, visualization of coronary venous
system was possible. Examples of 3D visualization
are presented in Figure 1. The average quality of
the visualization of the CVS is presented in Table 3
as the point-scale value ± standard deviation. The
average number of visible veins was 3.2 per case.
Statistically, more veins were visible in older sub-
jects — in the group aged 60+ the average number
of visible veins was 3.6 ± 1.1 per case, whereas in
those aged under 60 it was 2.9 ± 1.2 (p = 0.0001).
There were no gender differences in the quality
of coronary veins visualization.
Inter- and intra-observer error in the evalua-
tion of the quality of the reconstructions was eva-
luated with the mean difference of –0.04 (95% CI
–1.07–1.00) and inter-rater agreement kappa 0.61.
There were similar results in a repeated evaluation
of the score by the same observer (mean difference
0.0, 95% CI –1.4–1.4 and kappa 0.66).
Discussion
In the Appropriateness Criteria, MSCT for non-
invasive coronary vein mapping prior to the place-
Table 2. Introduced scale of visualization for arteries and veins [12].
Score Description
0 No vessel(s) present*
1** Vessel, length less than 5 mm, weakly contrasted and/or with a number of artifacts
2 Between score 1 and score 3
3 Vessel longer than 1 cm, better contrasted. Sometimes areas not visible or artifacts occurred
4 Between score 3 and score 5
5 Vessel well contrasted, visible clearly alongthe entire length of the vessel
*When the vein is not visualized in any of the phases, it has a grade 0. However, this does not necessarily mean that the vein is absent — it could be
for instance very small and therefore lower than the resolution of the computed tomography scanner; **Grade 1 means that a vessel is present but
very poorly visualized.
Figure 1. An example of reconstructions of the poste-
rior area of the heart. Visible are: coronary sinus, lateral
veins and middle cardiac vein (3D VR, 2D MPR; 64-
-slice, 2 mm slice thickness); LV — left ventricle; LA —
left atrium; RA — right atrium.
Table 3. Results — quality of visualization of the coronary venous system.
Quality of Quality of Quality of Quality of Quality of Quality of
coronary posterior  postero-lateral  lateral anterolateral anterior
sinus vein vein vein   vein vein
General population 4.10 ± 1.08 3.18 ± 1.57 3.31 ± 1.52 3.12 ± 1.38 2.11 ± 1.10 2.79 ± 1.33
Women 4.12 ± 1.06 3.16 ± 1.57 3.24 ± 1.51 3.08 ± 1.41 2.37 ± 1.21 2.68 ± 1.16
Men 4.08 ± 1.09 3.19 ± 1.58 3.37 ± 1.54 3.14 ± 1.37 2.00 ± 1.04 2.89 ± 1.45
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ment of a biventricular pacemaker is marked as
recommended [13]. Optimal image quality of the
vessels in MSCT is critically dependent on the ECG
gating process and the choice of the optimal phase
for reconstruction [12]. This problem was exten-
sively studied in our earlier papers [11, 12].
For coronary arteries, evaluating image quali-
ty is usually performed on the basis of vessel length
and free of motion artifacts [14]. In some papers,
image quality has been assessed using a subjective
five-point Likert scale [15]. In the presented paper,
we use our own 0 to 5 points scale to evaluate the
coronary venous system [12].
Visualization of coronary veins has been ad-
dressed in several papers. One of the first analyses
was a comparison of 4-slice computed tomography
and conventional angiography performed by Muh-
lenbruch et al. [16]. The authors used a four-point
scale for each coronary vein: 0 = vein not visible,
3 = visible as smoothly bordered vascular structure.
According to their results, the coronary sinus was
usually the best visualized, while the lateral vein
was the worst visualized. Another study by Abbara
et al. [17] confirmed the possibility of high quality
imaging of coronary veins by using 16-row comput-
ed tomography. They used a subjective ten-point
scale (0 = vein not visible, 10 = excellent visual-
ization) and additionally determined contrast-to-
noise ratio. The coronary sinus was found to be the
best visualized (9.4 ± 0.9; max. 10) while the lateral
vein(s) were only moderately visualized (5.2 ± 2.3;
max. 10). We cannot easily compare those results
with the results obtained in our study, due to the
use of different quality scales. Our study is one of
the first on a 64-slice scanner to evaluate the im-
age quality of the coronary venous system. The
higher resolution and shorter time of examination
mean that motion artifacts are less common. The
inconsistent results of these studies are possibly
due to the use of different scanners and lack of op-
timalization for coronary venous system. The two
studies found in common that:
1. It is possible to visualize the coronary venous
system in MSCT.
2. The best image quality is usually for the coro-
nary sinus.
The dosage of radiation in this type of exami-
nation is relatively high because of the need to scan
both phases for coronary arteries with the highest
quality, as well as coronary veins (retrospective gat-
ing). According to the latest thinking as to the po-
tential long-term side effects of radiation exposure,
the dosage of radiation should be balanced with
image quality [18, 19], which might replicate into
an optimal cardiac resynchronization therapy sys-
tems implantation.
Successful coronary sinus cannulation depends
to a greater extent on the operator’s skills and ex-
perience than on the findings in MSCT. However,
pre-visualization MSCT would change the proce-
dure and/or the treatment strategies.
Limitations of the study
Most subjects included were examined be-
cause of a suspicion of coronary artery disease.
They had for example a good ejection fraction, and
there were only a few patients with advanced heart
failure. Excluding patients with arrhythmias is
a major limitation for MSCT per se, especially since
frequent extrasystoles and atrial fibrillation are very
common among patients with heart failure. The
dose of radiation, as well as the amount of contrast
agent used during examination, can sometimes be
substantial. Many patients may require a beta-
blocker to slow their heart rhythm, something
which can be poorly tolerated, especially in patients
with heart failure. Performing MSCT before cardi-
ac resynchronization, as a standard test in all qual-
ified patients, seems not to be entirely justified.
Successful coronary sinus cannulation and selection
of target veins is more based on the operator’s
skills, experience and available equipment than on
the findings of MSCT. However, pre-procedural
MSCT in selected cases (e.g. unsuccessful first
cardiac resynchronization therapy implantation)
would change the procedure and/or the treatment
strategy.
Conclusions
It is possible to visualize the CVS in MSCT.
The target veins for cardiac resynchronization —
the lateral and the postero-lateral — are usually
highly visible, something that increases the poten-
tial of MSCT.
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